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ABSTRACT
We present results from Washington CT1 photometry for eleven star fields located
in the western outskirts of the Small Magellanic Cloud (SMC), which cover angular
distances to its centre from 2 up to 13 degrees (≈ 2.2 − 13.8 kpc). The colour-
magnitude diagrams, cleaned from the unavoidable Milky Way (MW) and background
galaxy signatures, reveal that the most distant dominant main sequence (MS) stellar
populations from the SMC centre are located at an angular distance of ∼ 5.7 deg
(6.1 kpc); no sign of farther clear SMC MS is visible other than the residuals from
the MW/background field contamination. The derived ages and metallicities for the
dominant stellar populations of the western SMC periphery show a constant metallicity
level ([Fe/H] = -1.0 dex) and an approximately constant age value (≈ 7−8 Gyr). Their
age-metallicity relationship (AMR) do not clearly differ from the most comprehensive
AMRs derived for almost the entire SMC main body. Finally, the range of ages of the
dominant stellar populations in the western SMC periphery confirms that the major
stellar mass formation activity at the very early galaxy epoch peaked ∼ 7-8 Gyr ago.
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1 INTRODUCTION
Our knowledge about the age-metallicity relationship
(AMR) of the Small Magellanic Cloud (SMC) has improved
since recent -some of them still ongoing- systematic photo-
metric studies have been carried out (e.g. Subramanian &
Subramaniam 2012; Cignoni et al. 2013; Weisz et al. 2013;
Rubele et al. 2015). From an overall consensus about the for-
mation and chemical evolution of this galaxy, some features
can be highlighted: i) an initial period of low star formation
rate (SFR); ii) an older enhanced star formation process
that peaked at ∼ 8 Gyr ago; iii) another periods of intense
SFR at ∼ 1.5−2.5 and 5−6 Gyr, consistent with suggestions
of close encounter with the Large Magellanic Cloud (LMC)
and/or the Milky Way (MW); iv) field stars do not possess
gradients in age and metallicity; v) an AMR with a clear
steady enrichment of the galactic metal content with time
(older stellar populations are more metal-poor), with some
variations, among others.
These main results picture the presently known assem-
bled scenario for the formation and chemical evolution of the
SMC main body; the farthest studied star field is located at
∼ 6.5 kpc from its centre (Noe¨l & Gallart 2007; Carrera
? E-mail: andres@oac.uncor.edu
et al. 2008; Noe¨l et al. 2009). However, the SMC periphery,
particularly the portion towards the opposite direction to
the LMC, could harbour primordial stellar populations not
yet comprehensively dealt with. Nidever et al. (2011) carried
out a photometric survey of the SMC periphery, from which
they extracted a modelled galactic geometry using giant star
counts; no detailed study about the spatial behaviour of star
field ages and metallicities were performed.
Piatti (2012a, hereafter P12) accomplished an AMR
study of the SMC stellar populations from Washington CT1
photometry of 12 star fields (36×36 armnin2 each) getting
a compromise between covering a relatively large area and
reaching the oldest main sequence turnoffs (MSTOs). He
found that the field stars do not possess gradients in age
and metallicity, and that stellar populations formed since
∼ 2 Gyr ago are more metal-rich than [Fe/H] ∼ -0.8 dex
and are confined to the innermost regions (semi-major axis
6 1 deg), along with relatively more metal-poor ([Fe/H] ∼
-1.0 − -1.5 dex) and older (age ∼ 3−8 Gyr) field stars. He
also compared the field star AMR to that of the star clus-
ter population with ages and metallicities in the same star
field scale, and found that clusters and star fields share simi-
lar chemical evolution histories. Nevertheless, the outermost
star field studied by P12 is located ∼ 4.9 kpc, so that the
AMR in the SMC periphery has remained mostly unstudied.
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In this paper we continue the work of P12 by studying
other 11 SMC fields located in the western outskirts of the
SMC. As a matter of consistency, we also analyse a Wash-
ington CT1 data set using the same techniques. We aim at
characterizing the dominant stellar populations distributed
in that region and providing for the first time with a repre-
sentative AMR. For these purposes, we structured the pa-
per as follows: Section 2 deals with the description of the
photometric data sets, the reduction processes and the var-
ious calibrations involved, including error and completeness
analyses. The observed colour-magnitude diagram (CMD)
features as well as the cleaning procedures for decontam-
inating them from the MW/background galaxy signatures
are described in Section 3. In Section 4 we estimate the ages
and metallicities of the dominant stellar populations in each
SMC field, and discuss their AMR to the light of the most
comprehensively known SMC AMRs. Concluding remarks
are given in Section 5.
2 DATA HANDLING
In our previous series of studies of SMC clusters and star
fields (see, e.g. Piatti 2011c, P12) we used the Washing-
ton CT1 photometric system (Canterna 1976) from which
ages and metallicities for stellar populations older than ∼ 1
Gyr can be estimated (Piatti & Perren 2015, and references
therein). For these reasons, and in order to keep consistency
with our previous studies, we performed a search within the
National Optical Astronomy Observatory (NOAO) Science
Data Management (SDM) Archives1 seeking for Washing-
ton photometric data towards the SMC periphery. As a re-
sult, we found images obtained at the Cerro-Tololo Inter-
American Observatory (CTIO) 4m Blanco telescope with
the Mosaic II camera (36×36 arcmin2 field with a 8K×8K
CCD detector array, scale 0.274 arcsec/pixel) covering 11
fields in the SMC outskirts for a total area of ∼ 4.0 square
degrees (programme CTIO 2006B-0013, PI: Saha). The log
of the observations is presented in Table 1, where the main
astrometric, photometric and observational information is
summarized. Note that the data set includes the filter R
which is a more efficient substitute of the T1 filter (Geisler
1996), but our final standard magnitude is the Washing-
ton T1 mag. Fig. 1 depicts the spatial distribution of the
SMC fields, where we included those in P12 for comparison
purposes. The maximum angular distance probed from the
centre of the SMC is ∼ 13.0 deg.
The Washington CT1 photometric data set used in this
work were obtained from a comprehensive process that in-
volved the reduction of the raw images, the determination
of the instrumental photometric magnitudes, and the stan-
dardization of the photometry. We have already described in
detail such steps not only in the works cited above, but also
in Piatti (2011b,c,a, 2012b); Piatti & Bica (2012); Piatti,
Geisler & Mateluna (2012); Maia, Piatti & Santos (2014).
For this reason, we summarize here some specific issues in
order to provide the reader with an overview of the pho-
tometry quality. The data reduction followed the procedures
documented by the NOAO Deep Wide Field Survey team
1 http://www.noao.edu/sdm/archives.php.
(Jannuzi, Claver & Valdes 2003) and utilized the mscred
package in IRAF2. We performed overscan, trimming and
cross-talk corrections, bias subtraction, flattened all data
images, etc., once the calibration frames (zeros, sky- and
dome- flats, etc) were properly combined. For each image
we obtained an updated world coordinate system (WCS)
database with a rms error in right ascension and declination
smaller than 0.4 arcsec, by using ∼ 500 stars catalogued by
the USNO3.
We also retrieved MOSAIC II and CTIO 0.9m CFCCD
images of the standard fields SA 92 and SA 98 observed as
part of the same programme. The reduction of the MO-
SAIC II data set was performed following the steps as for
the SMC fields. These standard fields contain between 8 and
14 standard stars each (Geisler 1996) and series of eight ob-
servations were carried out by dithering the images, so that
most of the standard stars were distributed on each of the
MOSAIC II’s eight chips. This observing procedure was re-
peated for different airmasses. The images from the CTIO
0.9m telescope were taken with the Tektronix 2K#3 CCD,
using quad-amp readout. The scale on the chip is 0.4 arc-
sec/pixel yielding an area covered by a frame of 13.5×13.5
arcmin2. The integrated IRAF-Arcon 3.3 interface for di-
rect imaging was employed as the data acquisition system.
The data were processed using the QUADPROC package
in IRAF. After applying the overscan-bias subtraction for
the four amplifiers independently, we carried out flat-field
corrections using a combined sky-flat frame, which was pre-
viously checked for a non-uniform illumination pattern with
the averaged dome-flat frame.
We derived nearly 80 independent magnitude measures
of standard stars per filter for each night using the apphot
task within IRAF, in order to secure the transformation
from the instrumental to the Washington CT1 standard sys-
tem. The relationships between instrumental and standard
magnitudes were obtained by fitting the equations:
c = a1 + T1 + (C − T1) + a2 ×XC + a3 × (C − T1), (1)
r = b1 + T1 + b2 ×XR + b3 × (C − T1), (2)
where ai and bi (i = 1, 2, and 3) are the fitted coefficients,
and X represents the effective airmass. Capital and low-
ercase letters represent standard and instrumental magni-
tudes, respectively. We solved the transformation equations
with the fitparams task in IRAF for each night, and sub-
stituted the derived mean zero point and colour term (a3 =
-0.090, b3 = -0.020) values for each observing run into the
above equations and solved for the airmass coefficient for
each night. Typical values of a2 and b2 were 0.305 and 0.095
mag/airmass, respectively. The nightly rms errors from the
transformation to the standard system were 0.021 and 0.017
mag for C and T1, respectively, indicating the nights were
of excellent photometric quality.
The stellar photometry was performed using the star-
finding and point-spread-function (PSF) fitting routines in
2 IRAF is distributed by the National Optical Astronomy Obser-
vatories, which is operated by the Association of Universities for
Research in Astronomy, Inc., under contract with the National
Science Foundation.
3 http://www.usno.navy.mil/USNO/astrometry/optical-IR-
prod/icas/usno-icas
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the daophot/allstar suite of programs (Stetson, Davis
& Crabtree 1990). We measured magnitudes on the single
image created by joining all 8 chips together using the up-
dated WCS. This allowed us to use a unique reference coor-
dinate system for each SMC field. For each Mosaic image,
a quadratically varying PSF was derived by fitting ∼ 1000
stars (nearly 110-130 stars per chip), once the neighbours
were eliminated using a preliminary PSF derived from the
brightest, least contaminated ∼ 250 stars (nearly 30-40 stars
per chip). Both groups of PSF stars were interactively se-
lected. We then used the allstar program to apply the
resulting PSF to the identified stellar objects and to cre-
ate a subtracted image which was used to find and measure
magnitudes of additional fainter stars. This procedure was
repeated three times for each frame. We computed aperture
corrections from the comparison of PSF and aperture mag-
nitudes by using the neighbour-subtracted PSF star sam-
ple. After deriving the photometry for all detected objects
in the C and T1 filters, a cut was made on the basis of the
parameters returned by DAOPHOT. Only objects with χ
<2, photometric error less than 2σ above the mean error at
a given magnitude, and |SHARP| < 0.5 were kept in each
filter, and then the remaining objects in the C and T1 lists
matched with a tolerance of 1 pixel.
Finally, we standardized the resulting instrumental
magnitudes and combined all the independent measure-
ments using the stand-alone daomatch and daomaster
programs4. The final information for each field consists of a
running number per star, its right ascension and declination
coordinates, the averaged T1 magnitude and C − T1 colour,
the standard errors σ(T1) and σ(C −T1) and the number of
measurements in the C and T1 filters. Whenever a star does
have only one measure of C and T1 mags, the errors provided
by the daophot/allstar routines were listed. Table 2 gives
this information for Field 1. Only a portion of this table is
shown here for guidance regarding its form and content. The
whole content of Table 2, as well as the final information for
the remaining fields, is available in the online version of the
journal.
As is well known, photometric errors, crowding effects
and the detection limit of the images cause incompleteness
and therefore results in the increasing loss of stars at fainter
magnitudes. Commonly, artificial star tests on the deep-
est images are performed in order to derive the complete-
ness level at different magnitudes. We used the stand-alone
addstar program in the daophot package (Stetson, Davis
& Crabtree 1990) to add synthetic stars, generated at ran-
dom with respect to position and magnitude, to each deepest
image in order to derive its completeness level. We added a
number of stars equivalent to ∼ 5% of the measured stars
in order to avoid in the synthetic images significantly more
crowding than in the original images. On the other hand,
to avoid small number statistics in the artificial-star anal-
ysis, we created five different images for each original one.
We used the option of entering the number of photons per
ADU in order to properly add the Poisson noise to the star
images.
We then repeated the same steps to obtain the photome-
try of the synthetic images as described above, i.e., perform-
4 Provided kindly by Peter Stetson.
ing three passes with the daophot/allstar routines. The
star-finding efficiency were estimated by comparing the out-
put and the input data for these stars using the daomatch
and daomaster tasks. We illustrate in Fig. 2 the resultant
completeness fractions in the T1 versus C−T1 CMD for the
most pupolated field in our sample (Field 11). Fig. 2 shows
that the 50% completeness level is located at C ∼ 23.75 mag
and T1 ∼ 24.25 mag; for less crowded fields this complete-
ness level reaches down to ∼ 0.75-1.00 mag fainter, depend-
ing on the crowding. Note that, according to the theoretical
isochrones computed by Bressan et al. (2012) and consider-
ing the SMC distance modulus (m−M)o = 18.96 (de Grijs
& Bono 2015), a 13 Gyr old stellar population ([Fe/H] ≈ -1.3
dex) should have its MSTO at T1 ≈ 22.5 mag. Therefore,
our photometry reaches the 50% completeness level 2-3 mag
below the oldest known SMC MSTOs (Carrera et al. 2008;
Noe¨l et al. 2009).
3 GLOBAL PROPERTIES OF THE
COLOUR-MAGNITUDE DIAGRAMS
In Fig. 3 we plot the CMDs for all measured stars in each
SMC field. We measured from ∼ 11 up to 76 thousand stars
from the outermost to the innermost fields, with an aver-
age of ∼ 33 thousand stars, thus yielding a CT1 photomet-
ric database of ∼ 175 thousand stars. The CMDs present a
strong signature of the foreground/background fields which
blurs the SMC outskirts main features. Nevertheless, it can
be seen an old main sequence (MS) population in Field 7
(C −T1 ≈ 0.8, T1 ∼ 22-23), and increasing younger popula-
tions (brighter T1 MSTOs) for inner SMC fields. Thus, the
series of panels depicted in Fig. 3 show the age transition
of the stellar populations in the outermost SMC regions. At
the right margin of each panel we show the behaviour of the
errors σ(T1) and σ(C − T1). As can be seen, it would seem
that a relatively small dispersion accompanies the intrinsic
features along almost ∼ 9 mags.
3.1 Cleaning the CMDs
In order to disentangle the MW/background signature in
the peripheral SMC CMDs, we applied a procedure primar-
ily developed by Piatti & Bica (2012, see, Fig. 12) to clean
star cluster CMDs from field star contamination (see, e.g.
Piatti 2014; Piatti et al. 2014b, 2015). Comparisons of field
and cluster CMDs have long been done by comparing the
numbers of stars counted in boxes distributed in a similar
manner throughout both CMDs. However, since some parts
of the CMD are more densely populated than others, count-
ing the numbers of stars within boxes of a fixed size is not
universally efficient. For instance, to deal with stochastic
effects at relatively bright magnitudes (e.g., fluctuations in
the numbers of bright stars), larger boxes are required, while
populous CMD regions can be characterized using smaller
boxes. Thus, use of boxes of different sizes distributed in
the same manner throughout both CMDs leads to a more
meaningful comparison of the numbers of stars in different
CMD regions.
For our purposes, we adopted Field 1 as the
MW/background field CMD, which is located ∼ 3−4 deg
farther than the SMC boundary delimited by Nidever et al.
c© 0000 RAS, MNRAS 000, 000–000
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(2011). We also assumed that the MW/background field
is uniform in terms of luminosity function, colour distri-
bution and stellar density across the surveyed region (Bal-
binot et al. 2015). Note that the eleven SMC fields are pro-
jected over a relatively small MW area of ∼ 16×7 deg2. We
checked this assumption for the MW by building a series of
synthetic CMDs using the Besanc¸on galactic model (Robin
et al. 2003). Note that MW models can only include MW
stars and not distant unresolved galaxies, which occur in sig-
nificant numbers at faint magnitudes. The typical number of
generated stars represent∼ 50 per cent of the stars measured
in Field 1. Consequently, the present cleaning procedure al-
lows us to recognize the location of the bulk of the SMC
population, while more sophisticated approaches might pro-
vide more quantitative outcomes (e.g. Roderick et al. 2015).
We then compares the MW/background CMD –
previously corrected by the difference in reddening (see col-
umn 2 of Table 3) and in completeness effects – to each one
of the SMC CMDs and subtract from the latter a repre-
sentative MW/background CMD in terms of stellar density,
luminosity function and colour distribution. The represen-
tative MW/background CMD was built from scanning the
observed MW/background CMD using boxes that vary in
size, thus achieving a better MW/background representa-
tion than counting the number of stars in boxes fixed in
size. Then, the stars in the SMC CMDs that fall within
the defined boxes and closest to the representative positions
were eliminated.
The method allows that boxes vary in magnitude and
colour separately according to the free path between stars
in the CMD, so that they result bigger in CMD regions
with a small number of stars, and vice versa. The free path
is defined as ∆(colour)2 + ∆(magnitude)2 = (free path)2,
where ∆(colour) and ∆(magnitude) are the distances from
the considered star to the closest one in abscissa and or-
dinate in the MW/background CMD. In practice, an ini-
tial reasonably large box with a dimension of (∆(colour),
∆(magnitude) = (0.5, 1.0) is centred on each single star in
the MW/background CMD. Then, the method subsequently
reduces the box sizes until they reach the stars closest in
magnitude and colour, separately, so that the resulting clos-
est magnitude and colour will be used to define the free path
of the considered star. The task is repeated for every star
in the MW/background CMD. Therefore, each star in the
MW/background CMD has associated a different box.
These boxes are then superimposed to the SMC CMDs,
and the stars closest to their centres are eliminated. In this
sense, the box sizes depend not only on the stellar density of
the MW/background field (the denser a field the more stars
in the MW CMD), but also on the magnitude and colour
distributions of those stars in the MW/background CMD,
making some parts of the MW/background CMD more pop-
ulated than others. For instance, relatively bright field red
giants with small photometric errors usually appear rela-
tively isolated at the top-right zone of the CMD, while faint
MS stars are more numerous at the bottom part of the CMD.
For this reason, bigger boxes are required to satisfactorily
subtract stars from the SMC CMD regions where there is a
small number of MW/background stars, while smaller boxes
are necessary for those CMD regions more populated by
MW/background stars.
3.2 Hess diagrams
Hess diagrams have played an increasingly prominent role in
the analysis of photometric data, in particular of the Mag-
ellanic Clouds. They show the frequency or density of oc-
currence of stars at various positions on the CMD, thus
providing a star density map in the CMD. Hess diagrams
have been profitably exploited by using different robust tech-
niques (Harris & Zaritsky 2001; Dolphin 2002, and references
therein). Here, we simply take advantage of Hess diagrams to
identify the prevailing features -in terms of density of stars-
and their intrinsic dispersions in the cleaned SMC CMDs.
In order to produce these Hess diagrams we counted the
number of stars placed in different magnitude-colour bins
with sizes [∆T1, ∆(C − T1)] = (0.1,0.05) mags and then we
represented the resultant count scales with a 10 grey levels
logarithmic scale. The resultant Hess diagrams for the ob-
served and cleaned SMC CMDs are depicted in a series of
panels in Fig. 4.
The cleaned Hess diagrams exhibit different features
which tell us about the stellar populations in the surveyed
SMC region. A mixture of intermediate-age through old stel-
lar populations clearly appears to be the main feature of
these Hess diagrams. Since the SMC field CMDs are ob-
viously composed of stars of different stellar populations,
the respective Hess diagrams allow us to recognize the so-
called ”dominant populations” (generally darker regions in
the Hess diagrams). These stellar populations are the most
numerous in a particular region and can be referred as the
”representative” stellar population along the line of sight
(LOS) of that SMC field (P12, Piatti & Geisler 2013; Piatti
et al. 2014a). The definition of a representative population
could not converge to any dominant population if the stars
in a given field came from a constant SFR integrated over all
time. For our fields, however, we could clearly identify the
respective most populated features. Particularly, the repre-
sentative MSTOs are in average ∼ 1.5 mag brighter than
the T1 mags for the 100% completeness level of the respec-
tive field, i.e., the faintest T1 mag where completeness is still
100%. Therefore, we actually reach the MSTO of the rep-
resentative population of each field with a negligible loss of
stars at that magnitude.
The most distant MS populations from the SMC cen-
tre detected by our photometry are located at an angular
distance of ∼ 5.7◦ (Field 7), equivalent to 6.1 kpc if the
SMC distance modulus of 18.96 mag is adopted (de Grijs
& Bono 2015). The adopted optical SMC centre is : 00h
52m 45s, −72◦ 49′ 43′′ (J2000) (Crowl et al. 2001). We did
not find any visible sign of farther clear SMC MS other
than the residuals from the MW/background contamina-
tion. The resulting SMC radius is in very good agreement
with those obtained by Noe¨l & Gallart (2007, ∼ 6.3 kpc)
from BV photometry of 3 SMC fields and by De Propris
et al. (2010, ∼ 6 kpc) from Ca II triplet spectroscopy of gi-
ant stars, among others. However, it results shorter than
the SMC peripheral boundary estimated by Nidever et al.
(2011, ∼ 10.7 kpc). Their data cover a much larger area of
the SMC, which allowed them from the analysis of the giant
stellar component to find evidence for a break population be-
yond ∼ 8 kpc with a shallow radial density profile that could
be either a bound stellar halo or a population of extratidal
stars. In this context, our results confirm that the bulk of
c© 0000 RAS, MNRAS 000, 000–000
The AMR in the SMC periphery 5
the SMC population is contained within ∼ 7 deg from the
galaxy centre, independently of any possible dependence of
the SMC extent with the position angle, beyond which there
is a low density envelope extending further out found by
(Nidever et al. 2011). Note additionally that some previous
studies have suggested the existence of different asymme-
tries in the SMC (e.g. Subramanian & Subramaniam 2012;
Cignoni et al. 2013; Rubele et al. 2015). Nevertheless, we
also carried out counts of red giant clump stars within the
box (∆(C − T1),∆(T1)) = (0.95−1.70, 17.90−19.70) in the
cleaned and observed CMDs. The results are depicted in Fig.
5, where we added a constant to the counts in the cleaned
CMDs for comparison purposes and indicated the count level
for the outermost field Field 1 (at 12.8 deg, equivalent to 13.8
kpc) with an horizontal line. The uncertainties introduced
by both the errors in the relative SMC field reddening and
in the photometry are much smaller than the symbol size.
The similar shape of both profiles tell us about the robust-
ness of the cleaning procedure, since a similar number of
stars was subtracted from each field, once they were prop-
erly corrected by incompleteness and reddening effects. On
the other hand, the profiles show that the SMC red clump
star population that our analysis is able to detect would not
appear to extend beyond ∼ 6−7 deg (∼ 6.6−7.7 kpc).
4 ANALYSIS
We used the cleaned CMDs and Hess diagrams of Fields 7 to
11 to constrain the fundamental SMC field parameters by
matching the observations with the theoretical isochrones of
Bressan et al. (2012) and by using the new age−metallicity
diagnostic diagram for the Washington photometric system
(Piatti & Perren 2015).
The estimation of the mean SMC field reddening values
was made by taking advantage of the NASA/IPAC Extra-
galactic Data base5 (NED) to obtained Galactic foreground
reddening values for the SMC field list. We adopted the re-
cent recommendation for the mean SMC distance modulus
(m−M)0 = 18.96 mag, whose formal uncertainty is 0.02 mag
but can reach 0.15-0.20 mag if the complex SMC geometry
is particularly considered (de Grijs & Bono 2015). Bearing
in mind a 1σ LOS depth of 6 kpc Deb et al. (2015), we found
that the difference in apparent distance moduli could be as
large as ∆(T1 −MT1) ∼ 0.2 mag. This difference is smaller
than the difference between two closely spaced isochrones
as used here (∆ log(t yr−1) = 0.1, ∆(MT1 at the MSTO-
subgiant branch region) ∼ 0.3 mag), so that adoption of a
unique value for the distance modulus does not dominate
the final error budget incurred in matching isochrones to
the SMC field Hess diagrams.
We used the ridge lines of the representative SMC field
MSs in the Hess diagrams (darker places) to properly find
the theoretical isochrones which best superimpose on them.
As for the metallicity, we used the values derived from
the new age−metallicity diagnostic diagram based on the
magnitude difference between the red giant clump and the
MSTO (Piatti & Perren 2015, see their fig. 4). We assigned
5 http://ned.ipac.caltech.edu/. NED is operated by the Jet
Propulsion Laboratory, California Institute of Technology, under
contract with NASA.
the age of such isochrones to the representative ages of each
SMC field. Table 3 lists the derived representative ages and
metallicities and their dispersions. The age dispersions have
been estimated bearing in mind the broadness in magnitude
and colour of the dominant MSs, which represent in general
a satisfactory estimate of the age spread around the prevail-
ing population. The metallicity dispersions come from the
estimated spread in magnitude of the red clump and the
MSTO. Fig. 6 depicts the cleaned Hess diagrams with three
different theoretical isochrones superimposed for comparison
purposes.
The derived representative ages and metallicities sug-
gest a constant metallicity level ([Fe/H]= -1.0 dex) and an
approximately constant age value (≈ 7-8 Gyr) for the west-
ern SMC periphery. We plot these values in Fig. 7 with
solid circles, whereas we represent their dispersions with er-
rorbars. Note that the youngest age (5 Gyr) correspond to
Field 11, which is located within the SMC main body. Simi-
lar age/metallicity values were found by Carrera et al. (2008)
from Ca II triplet spectroscopy of giants in 4 fields located
towards the western side of the SMC main body, as well as
by Noe¨l et al. (2009) who studied 12 SMC star fields from
BR photometry (see Fig. 7). The present AMR does not
clearly differ from that obtained by P12 for the SMC main
body using the same techinques, reproduced by open cir-
cles in Fig. 7. The mean SMC AMR derived by P12 is in an
overall very good agreement with those obtained by Cignoni
et al. (2013, see their fig. 14 and discussions therein), Rubele
et al. (2015, see their fig. 17 and discussions therein), among
others.
We did not find in the western SMC periphery dominant
stellar populations older than ∼ 10 Gyr, but a peak centred
at ∼ 7-8 Gyr. This peak is in excellent agreement with the
SFRs recovered by Carrera et al. (2008); Noe¨l et al. (2009);
Cignoni et al. (2013) and Rubele et al. (2015, see their fig.
16), who also showed a low initial SFR at ∼ 10 Gyr. Par-
ticularly, Rubele et al. (2015) showed that the stellar mass
formation -measured as the relative to the total galaxy mass
ratio- reached a peak ∼ 8 Gyr ago. In this context, it seems
that the western SMC periphery does not distinguish itself
from the major formation processes that took place during
the galaxy formation epoch.
5 CONCLUSIONS
We have study the western SMC periphery from Washington
CT1 photometry of eleven star fields (36×36 arcmin2 each)
covering angular distances to the SMC centre from 2 up to
∼ 13 degrees (≈ 2.2 − 13.8 kpc). Our photometric database
reaches the 50% completeness level ∼ 2−3 mag below the
oldest SMC MSTOs, depending on the crowding.
We cleaned the noticeable MW/background field con-
tamination present in the observed SMC star field CMDs
using a procedure which makes use of boxes of variable side
centred on every star in the MW/background CMD, in order
to tightly reproduce it in terms of stellar density, luminosity
function and colour distribution. We subtracted the stars in
the SMC CMDs that fall within the defined boxes and are
closest to the defined box centres.
From the cleaned CMDs (and hence the respective Hess
diagrams) we identified the representative (most numerous)
c© 0000 RAS, MNRAS 000, 000–000
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stellar populations of each field. Particularly, the most dis-
tant representative MS populations from the SMC centre
detected by our photometry are located at an angular dis-
tance of ∼ 5.7 deg (6.1 kpc); no sign of farther SMC MS
stars is visible other than the residuals from the MW con-
tamination.
The derived representative ages and metallicities sug-
gest a constant metallicity level ([Fe/H] = -1.0 dex) and an
approximately constant age (≈ 7−8 Gyr) for the compos-
ite stellar population of the western SMC periphery. These
values do not clearly differ from those of the most com-
prehensive AMRs derived for almost the entire SMC main
body.
Finally, the range of ages of the representative stellar
populations in the western SMC periphery confirm previous
results about the major star formation processes from which
the galaxy was born. Indeed, after a low SFR at ∼ 10 Gyr,
the SMC experienced its first significative star formation
activity period which peaked ∼ 7-8 Gyr ago.
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Table 1. Star fields in the SMC.
Field α2000 δ2000 l b Filter Exposure Airmass Seeing
(hms) (◦ ′ ′′) (◦) (◦) (mag) (s) (arcsec)
1 22 35 28 −67 06 42 320.8 -45.0 C 1×60 + 1×300 + 3×1080 1.25-1.27 1.3-1.6
R 1×10 + 1×50 + 3×580 1.25-1.26 1.3-1.6
2 22 52 43 −68 05 45 318.2 -45.4 C 1×60 + 1×300 + 3×1080 1.27-1.28 1.0-1.6
R 1×10 + 1×50 + 3×580 1.28-1.30 1.0-1.2
3 23 03 52 −69 18 00 316.0 -45.0 C 1×60 + 1×300 + 3×1080 1.29-1.32 1.1-1.3
R 1×10 + 1×50 + 3×580 1.29 0.9-1.0
4 23 25 00 −70 24 00 313.0 -45.0 C 1×60 + 1×300 + 3×1080 1.40-1.52 1.3-1.5
R 2×580 1.54-1.56 1.2
5 23 32 08 −70 41 27 312.1 -45.0 C 1×60 + 3×1080 1.38-1.46 1.4-1.6
R 1×10 + 3×580 1.32 1.1-1.3
6 0 04 31 −66 22 33 310.2 -50.1 C 1×60 + 1×300 + 3×1080 1.24-1.25 1.3-1.6
R 1×10 + 1×50 + 3×580 1.24-1.26 1.0-1.2
7 23 55 20 −69 28 35 310.1 -46.9 C 1×60 + 1×300 + 3×1080 1.43-1.60 1.0-1.2
R 1×10 + 1×50 + 3×580 1.40-1.45 1.1-1.3
8 23 55 00 −71 20 00 309.1 -45.1 C 1×60 + 1×300 + 3×1080 1.33-1.34 1.2-1.3
R 1×10 + 1×50 + 3×580 1.35-1.38 0.9-1.0
9 0 04 02 −70 59 48 308.4 -45.6 C 1×60 + 1×300 + 3×1080 1.34-1.38 1.0-1.3
R 1×10 + 1×50 + 3×580 1.32-1.33 1.2-1.4
10 23 41 16 −73 08 22 309.8 -43.0 C 1×60 + 1×300 + 3×1080 1.37-1.41 1.5-1.7
R 1×10 + 1×50 + 2×580 1.37 1.0
11 0 43 21 −70 54 00 303.9 -46.2 C 1×60 + 1×300 + 4×1080 1.32-1.34 1.4-1.6
R 1×10 + 1×50 + 3×580 1.40-1.45 1.1-1.3
Table 2. CT1 data of stars in Field 1.
Star α2000 δ2000 T1 σ(T1) C − T1 σ(C − T1) n
(h:m:s) (◦ ′ ′′) (mag) (mag) (mag) (mag)
- - - - - - -
124 22:32:29.120 -67:23:03.58 18.130 0.003 1.037 0.006 5
125 22:33:54.381 -67:23:13.03 15.868 0.003 1.338 0.004 5
126 22:33:32.216 -67:23:10.47 19.910 0.007 2.719 0.073 4
- - - - - - -
Table 3. Fundamental properties of studied SMC fields.
Field E(B − V ) angular age [Fe/H]
(mag) distance (deg) (Gyr) (dex)
1 0.024 12.8 − −
2 0.026 10.9 − −
3 0.029 9.4 − −
4 0.037 7.3 − −
5 0.034 6.6 − −
6 0.018 7.7 − −
7 0.027 5.7 8±2 -1.0±0.3
8 0.029 4.7 8±2 -1.0±0.3
9 0.028 4.2 8±3 -1.0±0.3
10 0.027 5.2 7±2 -1.0±0.3
11 0.033 2.1 5±3 -1.0±0.3
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Figure 1. Spatial distribution of the presently studied SMC star fields (thick black boxes) and of those in P12 (thick red boxes). Star
clusters catalogued by Bica et al. (2008) are also drawn (dots) for comparison purposes. Ellipses with semi-major axes of 1, 2 and 4 deg
are overplotted.
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Figure 2. Gray-scale completeness fraction for the crowdest field in our sample (Field 11). The higher the completeness fraction the
darker the CMD. Red and blue regions represent the 100% and 50% completeness levels, respectively.
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Figure 3. CMDs of stars measured in SMC fields.
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Figure 3. continued.
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Figure 3. continued.
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Figure 4. Observed and field star decontaminated Hess diagrams.
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Figure 4. continued.
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Figure 4. continued.
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Figure 4. continued.
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Figure 4. continued.
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Figure 5. Counts of red giant clump stars within the box (∆(C − T1),∆(T1)) = (0.95−1.70, 17.90−19.70) in the cleaned (red circle)
and observed (open circle) CMDs of the studied SMC fields in terms of their angular distances to the SMC centre. The former have beed
shifted by a constant for comparison purposes. The horizontal line represents the counts level for the outermost studied field (Field 1).
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Figure 6. Hess diagrams for studied fields with SMC signatures. Three theoretical isochrones taken from Bressan et al. (2012) were
superimposed as reference of the dominant ages and metallicities: magenta, red and yellow lines correspond to (age, [Fe/H]) = (5 Gyr,
-1.3 dex), (8 Gyr, -1.0 dex) and (10 Gyr, -0.7 dex), respectively, for Field 7, 8 and 9, and (age, [Fe/H]) = (4 Gyr, -1.3 dex), (6.3 Gyr,
-1.0 dex) and (8 Gyr, -0.7 dex), respectively, for Field 10 and 11.
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Figure 7. AMR for the presently studied SMC star fields (solid circles), with the dispersion in age and in metallicity represented by
errorbars. The mean AMRs by Carrera et al. (2008, red line), Noe¨l et al. (2009, blue line) and Piatti & Geisler (2013, open circles with
errorbars) are overplotted.
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